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A LOS ALAMOS DESIGN STUDY FOR A HIGH-POWER
SPALLATION-NEUTRON-SOURCFE. DRIVER*

A.J. Jason, R. A. Ilardckopf, R. W. Macek, S. O. Schriber, 1. A. Thiessen, R. Woods
1.os Alamos National 1 aboratory
Los Alamos, NM 87545

Abstract

A design study for an accelerator-driven spallation-neutron
source is underway at Los Alamos. ‘The driver, based on the
LLAMPIY facility, produces a 1-MW proton beam and is
uppradable to S MW, After linear acceleration to full energy,
an - beam is accumulated for approximately 1 ms in a
compressor ring and then extracted 1o produce an intense
proton burst, less than 1 s long, onto a spallation target
system with a 60-Hz cycle rate.  The design uses existing
infrastructure insofar as possible while maintaining project
goals. ‘This paper summarizes the system specifications and
design status.

[ INTRODUCTION

Since the construction of the Los Alamos Proton Storape
Ring (PSR) [ 1], there hias been a strong program for neutron
rescarch at the Los Alamos Neutron Scattering Center
(LLANSCE). The PSR was designed to provide 80 kW of
beam power (o the LLANSCE spallation target. 'To furnish 2
possible upgrade for this lacility, we have undertaken a study
to delincate a system capable of delivering 1 MW of beam
power 0 an uppraded LANSCIE target with provision for a
further increase in power to S MW, The project is known as

The concept emerping from tirese studies features
acceleration of - jons to an enerpy of 800 MceV and
subsequentmulti-tum injection into a compressor ring. ‘The
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compressed pulse is then extracted in a single wrn and
transported to the spallation tarpet.

In all the studics we have stressed reliability and low beam
loss as well as technical performance.

1. GENERAL DESCRIPI'TON

The proposed scheme is shown in Figure 1. The existing
side-coupled linac (SCL.), which accelerates beam from 100
MeV o 800 McV and comprises about 90% of the LAMPY
linac, is retained as an integral part of the proposal. The
present front end consists of three ion sources that provide 1,
17, and polanzed H accelerated by Cockroli-"Walton peneritors
to 750 MeV. The three beams are merged, bunched, and
matched to a 201.25-Mlz drift-tube linac (1Y11.) for
acceleration o 100 MeV.  Our concept replaces the three
sources with a single H™ source capable of providing 30 mA
peak cutrent at 100 keV. Beam is then matched to a 402.5-
MHy radio-trequency«quadrupole linac that bunches and
accelerates beam to 7.0 MeV. ‘The next stage of acceleration is
provided by a 402.5-Milz. DTL 0 2G MeV and subsequent
acceleration by an 805-Milz Y11, 10 100 MeV for matching
into the 805-MHz CCL.  The many choices in this
specification involved considerations of beam dynamics,
reliability, and cost. Additionally, the conlipguration can he
uppraded in curcent by funneling into the 805-MIlz DT,
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An achromatic transport line takes the beam north-
castward to the compressor ring. The lne also performs the
function of dispersion scraping to remove off-momentum
beam particles and contains magnets properly sized to avoid
appreciable field stripping of the H™ beam. Beam is injected
by single-stage stripping through a foil  and, after
accumulation for some 1790 turns, is immediately extracted.
Beam is then transported to two spallation sources and inserted
vertically upwards into the targets. Experiments at the neutron
source generally require a regular pulse rate. Hence, pulsed
cquipment in the linae and ring must run at 120 Hz to provide
auniform 20 and 40 Hz o the 1areets.,

[ INJECTOR

Lxtensive development of high-current, high-brightness
H~ ion sources has taken place at F.os Alamos both for use at
LAMPY (2] and for other projects such as the Ground Test
Accelerator (GTA) [3]. We require currents somewhat above
30 mA with an rms normalized emittance of below 0.0207 cm
mrad and a duty factor near 9%. No existing ion source meets
all these requirements although there are several applications
for which one of the requirements has been exceeded. The 4X
1on source developed for (7TA has produced, for example, over
60 mA at about a third of the required emittance. However,
the nominal duty factor for which it bas been developed is 1%.
The LAMPE ion source performs with adequate daty factor and
cmittance but produces a current of 20 mA. ‘These comments
apply also to sources developed at other institutions. Withi 2
modest development program, it is reasonable to extrapolate to
the required perfonnance.,

A more difficult problem, for which no cuntirely
satisfactory solution now exists, 18 that of chopping the heam
at a 1.49-MHz rate (430 ns on, 235 ns of) 0 maintain an
extraction pap i the compressor-ring, stored beam.  This is
cutrently done for the PSR by a slow-wave deflector in the
LAMPE injector region at 750 keV beam encrpy. Such a
scheme will be difficalt at the Tow matching, enerpy of the
REQ 1 the NCNR scheme, Several other options are being
explored, amonyg them fast beam switching at a source pliasma
clectrode with imodest pulsed: power requircients,

IV. LINAC

Speciticatons for the linac are piven in Table 1.

Tabie |
Linac Parameters

| Averape cnttent 1.4 mA ]
Avenpe power 1.4 mA x 800 MeV. 1,17 MW
Peak curtent 30 mA

Repetition vate 24 40 W,
| Beam duty facton 1D %

Mactopulse enpth ALK
 Micropulse frequency | 4025 MIL,

149 M, 05

[U—

Choppung ficqueney,
duty factn

The RIFQ selected is similar to previous four-vane designs
constructed or proposed at Los Alamos [4]. The high output
encrgy of 7 MeV requires an unusual length of 6.9 m. The
RIQ features an integral copper vacuum, rf, and structural
envelope and is constructed in eight electroformed sections that
are in turn electroformed togethe-. Each pair of sections fonns
a loop-driven rf segment resonantly covpled to the others 1a 4
coupled-cavity structure. ‘The average stricture power is 140
kW with a peak power (including beam) of 2.1 MW. Proven
tuning alponthms have been developed for this type of device.
Dynamics calculations show that the structure will have over
95% transmission with an emittance of .02 cm mrad (rms
normalized) at 38 mA.

The 402.5-MHz DTIL. is designed with two tanks and a
total length of 543 m. Permanent magnet quadreupoles are
used i an FEDD configuration.  Drift tube bores are 1.8 cm
diameter, approximately 10 times the mns beam size. ‘The D11
is similiar to desigas tested at 1.os Alamos on GTA and other
projects. ‘The total peak power needed is 2.03 MW. ‘This is to
be supplicd by a two-tube klystron module with ciach tube
providing a nominal 1 MW of rf power. Beam-dynamics
calculations show littde emittance growth with 4 test current of
I8 mA,

The 805.0-MHz DTE, is similarly constructed with a total
length of 54.7 m and conasists of 15 tanks  The lattice is a
FIFFOOODDDOOO  configuration using 1.8 ¢m bore
permanent-magnet quadrupoles. From our loss estimates and
extensive testing, of magnetic material, we do not belicve that
radiatton-induced detenie ration of the magnets will be
appreciable over a period of many years. The ratio of aperture
radius (o beam rms size is greater than the factor of sevea
generally used at LAMPYE as a "safe” vadue. Beam dynamics
calculations show small emittance growth with a current of 75
mA. The total rf power required is some 8.23 MV to be
supplied by a similar klystron modale as used by the 402.5-
MUz Y11,

Matching, between the three line sections is done
transvarsely with variable permanent-magnet quadrupoles and
longatudinally with pairs of buncher cavities, The buncher
systems require atotal of 60 kW of power and are supplicd by
six fetrode driven supplies,

Studies and experimental results have shown that the
LAMPE SCT. (100 to 80 MeV) is quite adequate tor NCNR
purposes. Note that the LAMPE Tacility has functioned as a
provides of beam at 1MW levels atarepeation tate of 120 Hy
with imictopulse frequency of 20125 Mz At these tevels,
itopeates nnder low stress and has had a lonp history of hiph
rehability. Owe proposal nealy doubles the peak curtent
However, the merease o mictopulse trequency to 40275 Miy
cesults i sumtbine charpe per beam banch; the single bunch
bheam dynamies s heace unchanped . Because ot the 65%
choppinp duty factor, the peak averape current 1y 195 mA,
shphtly above the present nonunat current of 1/ mA - Taking
mto account the gatio ol total supphied power to structute
tosses G AZD, the additional averape power (o he sapphied iy
some A well within the present il system renerve eapacity
Henee, nosubstitaal appade ooneeded



A remaaining  question, unanswered by extensive
performance tests, is the SCIL response to the chopping
pattern. Beam to the PSR s currently supplied at about one-
third the NCNR peak-current requirement and at twice the
chopping frequency with no perceived perturbation o
performance.  Combined structure and beam-dynamics
calculations show that, under NCNR conditions, the cavity
ticlds will vary uniformly in cach tank by 4% during the
chopping cycle but will have little effect on beam quality.
This point will be tested inoan vpeoming series of
experiments, Further discussion of the linac stability is found
clsewhere in these proceedings (6]

Recent advances in fast adaptive feed-forward control
techniques {7], proven on operaating systems, witl be very
usetul m achieving fow-loss beam control in the finac and will
soon be tested on the SCIL. Studies are underway for high-
current adaptations o (uning, techniques such as the At
method. Programs are also in place to study halo growth and
develop techniques that minimize beam loss [8).

V. COMPRESSOR RING
The compr ssor ring walt be prven short treatment heee; it is
described more extensively man accompanying paper (9], ‘The
major parameters are however listed i lable 2.

Tabte ?
Compressor-Ring Parameters

Ring circumference 168.9 1
Accumulated turns 1790
1<xtracted -beam-bunch lenpth 503 us
Stored protons 1.3 x 104
1'cak stored current ST A
venpe extracted cunent 1125 mA

The ving is desipned inoa mceirack contipuration as
mplicd by Fip. Fand has dispersionfess straipht sections and
ares confipured as second-order achromatic bends  Injection is
non-Liouvitlean with  single stape foil-stripping process and
s an elticiency of better than 90%. First wrm losses by tield
stripping are minimized by placing the foil in a specially
confiputed magnetic ticld.  Injection painting, is done to
mininize foil iteraction qund to control the transverse
distoibution. This, along with an adjustable chromutic
contribution (o Landan  domping and  introduced
anliarmonerties, is used (o control ring stability by tane
sprewd damping. A clean extraction pap is maintained by a
fve luanonic barner bucket to minmmze exteaction fosses and
toavoid the electon proton instability as well as to provade
adeguite matching to the injected beam lonpitudinal phase
space stracture, The anjected beam iy swept in enerpy to
conttol the Jongitudimal distibunon. Carefal hiph ordes
stitdies e Dedtiy done o assess space charpe nonhnemines and
to map the wne space spanticd by the beam Cotection ol
i ordet stop bands and space chagee nonhnearitses will be
done by mttoduction of nonhnear elements. A continning
propram of theoreucal and expenmental ste esas nndetwiay to
tedine the desipns Here we me paanieud oty challenped to

'

mennGnn fow towees 1O Y and the destpn will ielude hato
cofhimuitors

VI UPGRADE OPTIONS

Although the mujor thiust of our study has been toward
the 1-MW scenario, several options have been proposed for an
upgrade to S MW and we have tried to avoid precluding these
options by our design. The new linac front end is highly
adaptable to funneling for increasing the current by the needed
factor of S i1 a final enerpy of 800 MeV s retained. In this
case further work is needed to establish the current-carrying
capacity of the CCL and a multiple ring system would be
needed.

The alternative, a higher beam enerpy of up to 2 GeV, is
very attructive, Here a single ting, but with o substantiatly
different lattice, appears teasible. Replacement of the CCTL
with a superconducting, linac would use the existing LAMPLE
infrastructire and would ensure insensitivity to the chopping
pattern that poses problems for a low-Q) room-temperature
structure. Studies on upprade alternatives are continuing,.
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